The prevalence among all Escherichia coli bacteria of the LTIIa toxin gene and STII toxin gene, both associated with enterotoxigenic E. coli, and of three genes (stxI, stxII, and eaeA) associated with enterohemorrhagic E. coli was determined in farm waste disposal systems seasonally for 1 year. Single-and nested-PCR results for the number of E. coli isolates carrying each toxin gene trait were compared with a five-replicate most-probable-number (MPN) method. The STII and LTIIa toxin genes were present continuously at all farms and downstream waters that were tested. Nested-MPN-PCR manifested sensitivity increased over that of single-MPN-PCR by a factor of 32 for LTIIa, 10 for STII, and 2 for the stxI, stxII, and eaeA genes. The geometric mean prevalence of each toxin gene within the E. coli community in waste disposal site waters after nested MPN-PCR was 1:8.5 E. coli isolates (1:8.5 E. coli) for the LTIIa toxin gene and 1:4 E. coli for the STII toxin gene. The geometric mean prevalence for the simultaneous occurrence of toxin genes stxI, stxII, and eaeA, was 1:182 E. coli. These findings based on total population analysis suggest that prevalence rates for these genes are higher than previously reported in studies based on surveys of single isolates. With a population-based approach, the frequency of each toxin gene at the corresponding disposal sites and the endemic nature of diseases on farms can be easily assessed, allowing farmers and public health officials to evaluate the risk of infection to animals or humans.
Enterotoxigenic Escherichia coli (ETEC) has been known to cause diarrheal diseases in both animals and humans. The LTIIa and STII toxin genes associated with ETEC are responsible for diarrheal diseases affecting calves and piglets, respectively (14, 30, 41, 51) . Outbreaks, such as mastitis in cows or edema in piglets, caused by these agents have led to economic losses (14, 51) . The bacteria harboring these toxin genes have the ability to colonize the small intestine of humans and animals, demonstrating host specificity through colonization factors. Two colonization factors, K88 and K99, have been found to be important in ETEC colonization of the intestinal epithelia of pigs and cows, respectively (14, 21) . Detection and treatment or vaccination have been two directions used to reduce disease caused by these organisms in agriculture (52) . However, most studies focus on individual animals, screening isolates from fecal swabs as opposed to screening populations of E. coli from a herd of animals (14, 29, 49) . This could limit detection because relatively few clones can be screened, and perhaps biases result in a manner that underestimates the carrier rates within herds.
Contamination of drinking or recreational waters with enterohemorrhagic E. coli (EHEC) has resulted in an increase in the number of outbreaks and deaths from hemolytic-uremic syndrome in humans (11, 28) . Found in the gastrointestinal tract of cows, EHEC, which can carry stxI, stxII, and eaeA virulence genes, is transmitted by food or water supplies polluted with cow fecal waste. An outbreak in Wyoming during the summer of 1998 resulted in 157 people becoming ill from the consumption of spring water contaminated with E. coli O157:H7, a strain carrying the stxI, stxII, and eaeA genes (28) . Continuing outbreaks, due primarily to contamination of beef with O157:H7, have led to 4,528 cases of reported illness in the United States in 2002 (6) , illustrating the endemic nature of this pathogen in cow-raising and dairy facilities (24) . A variety of public health benefits could be derived from assessing the status of pathogen frequency in herds prior to shipment to slaughterhouses or the use of waste for manure spreading (4, 8, 17) , which can place ground or surface waters at risk for introduction of this pathogen. Most studies to assess the occurrence of EHEC on farms screen individual animals using fecal swabs (12, 34) .
A review of the agricultural and veterinary literature indicated that earlier work examined individual waste samples of pigs, comparing the prevalence of STII with three other enterotoxins within ETEC, and found that 74% of diarrheic pigs carried STII (26) . Sampling of individual healthy animals has shown these traits to be less common, as indicated in studies by Celemin et al. (5) , where STII occurred in 3% of E. coli isolates from healthy piglets, and by Osek (30) , where E. coli carrying STII was not detected in healthy piglets. Both diseases appear to decrease with age, but little is known about the frequency of toxin gene occurrence in the waste disposal sites for these animals. A multiplex PCR study (12) of 17,050 single isolates from cow fecal samples found that 0.08% were E. coli O157:H7 and carried stxI, stxII, and eaeA. Also, using single isolates, those researchers reported no detection of O157:H7 genotypes in 312 cow waste lagoons tested. Other work that examined the occurrence of stxI, stxII, and eaeA genes in isolates of E. coli from cow rectal fecal swabs showed the presence of these genes and that prevalence was highest during the summer season (23, 31) .
This investigation was initiated to determine the frequency of enterotoxigenic and enterohemorrhagic toxin-associated genotypes among E. coli from cow and pig waste disposal facilities. A major aim of this research was to determine the prevalence and whether nested PCR increased detection of these toxin genes within the E. coli populations of each waste treatment system. This research used a five-membrane filter mostprobable-number (MPN) method coupled with single or nested PCR to determine the prevalence within E. coli populations from waste disposal sites of the two enterotoxin genes, LTIIa and STII, and the three genes (stxI and stxII [Shiga toxins] and eaeA) associated with EHEC, thus designating these toxin genes as biomarkers of disease potential.
MATERIALS AND METHODS
Sample collection. Twenty (250-ml) samples from five cow waste lagoons, six (250-ml) samples from five pig waste lagoons, and two (6-liter) samples from a stream located downstream from a pig farm were collected. From each lagoon at five different cow farms throughout California, one sample was collected for each season over a 1-year period. The stxI and -II and eaeA genes were not screened seasonally. Herd size ranged from 300 to 3,000 on these farms. Pig waste lagoon water samples were from farms in North Carolina, Colorado, and Iowa, and herd size for these farms ranged from 80 to 8, 200 . Seasonal collection for swine farms was not possible due to inconsistencies of farmer participation, resulting in six fall samples and two summer samples screened for STII. Upon collection, all samples were stored on ice, shipped overnight, and processed within 8 h of arrival.
Bacterial strains. ETEC strains containing the pTC201 plasmid or the pRAS-1 plasmid (19, 20) were used as positive controls for the LTIIa and STII toxin genes, respectively. EHEC strain 4718 donated by V. K. Sharma was used as the positive control for the stxI, stxII, and eaeA genes. E. coli control strains were grown with agitation (150 rpm; model 420; Orbital Shaker, Marietta, Ohio) overnight in Luria-Bertani media; only ETEC strains were supplemented with 20 g of ampicillin/ml. Each strain was stored at Ϫ70°C in 30% sterile glycerol. The negative control used for hybridization was Aeromonas hydrophila (ATCC 7966), which was grown on ampicillin dextrin agar overnight at 35°C. The DNA extract was stored at Ϫ70°C until confirmation by hybridization.
Membrane filtration. Dilutions of 10 0 to 10 Ϫ3 ml, except in the case of stream water where volumes of 0.1 to 1,000 ml were used, were filtered through a 0.45-m-pore-size (47 mm in diameter) nylon membrane filter (Osmonics). Each filter was placed on mTEC agar (Difco), and contents were incubated at 35°C for 1.5 h, followed by 44.5°C for 20 Ϯ 2 h (9). Yellow colonies were enumerated, followed by flooding with 1 ml of phosphate-buffered saline (137 mM NaCl, 2.7 mM KCl, 4.3 mM Na 2 HPO 4 ⅐ 7H 2 O, and 1.4 mM KH 2 PO 4 [pH 7.3]). All colonies on each filter were suspended in the buffer with a sterile rubber policeman and were pipetted into 1.5-ml tubes. Afterward, tubes were centrifuged for 10 min at 12,000 ϫ g, the supernatant was discarded, and pelleted cells were kept for DNA extraction.
DNA extraction. Two DNA extraction methods were used. The first extraction procedure was a modified version of the glass bead method (42) . The modifications were the addition of 53 l of 10% cetyltrimethylammonium bromide in 0.7 M NaCl and 8 l of 0.5 M NaCl to the lysis buffer after 1 ml of guanidine thiocyanate (5.3 M guanidine thiocyanate, 10 mM dithiothreitol, 1% Tween 20, 0.3 M sodium acetate, and 50 mM sodium citrate [pH 7.0]) had been added.
The phenol-chloroform extraction method (45) used omitted the addition of Tris-HCl-saturated phenol to the DNA after the freeze-thaw cycles. An additional wash step was added after the isopropanol precipitation of the DNA. The DNA was washed in 200 l of 75% ethanol (reagent grade), kept at Ϫ20°C for 1 h, and processed as described in the method. The extracted DNA without further purification was stored at Ϫ50°C until PCR analysis.
PCR amplification. Outer primers for the LTIIa toxin gene (19) and inner primers for the STII (20) toxin gene, shown in Table 1 , were obtained from previous research. The specificity of primers was determined in these earlier studies. A second set of primers for each toxin trait was developed for nested PCR (Table 1 ). These primers were tested for cross-reactivity by screening all sequences contained in The Institute for Genomic Research (http://www.tigr.org /tdb/) and GenBank (http://www.ncbi.nlm.nih.gov/) by using BLAST (1). Amplification was performed by using 1 to 10 l of DNA sample extract for each 50-l reaction as recommended by the manufacturer (Perkin-Elmer or Promega). Thirty PCR cycles (95°C for 30 s, 61°C [LTIIa] for 30 s or 57°C [STII] for 30 s, and 72°C for 30 s) were carried out in a Perkin-Elmer (model 9600, version 1.05; Boston, Mass.) DNA thermal cycler with an initial start at 95°C for 1 min and a final extension at 72°C for 6 min. Conditions for the second reaction were the same, except the LTIIa and STII annealing temperatures were 56 and 47°C, respectively. PCR primers for stxI, stxII, and eaeA and their amplification were as described by Sharma et al. (40) .
Product visualization. PCR products were visualized on a 2% agarose gel containing 5 g of ethidium bromide/ml by using a UV transilluminator (UVP, Inc., model TM-20, Upland, Calif.) and were documented by using ImageStore 5000 (version 2.03, Upland, Calif.). A 25-bp ladder (Gibco Life Technologies, Carlsbad, Calif.) was used to determine fragment size.
Controls. Positive and negative controls were run with each PCR. Negative PCR results were further tested for interference by the addition of target DNA to the DNA extract from each negative sample, followed by PCR and visualization as described above.
Confirmation. Results were confirmed by Southern hybridization with dot blot or gel transfer (3) to positively charged 0.45-mm-pore-size nylon filters (MSI). Filters were exposed to X-Omat film (Eastman Kodak, Rochester, N.Y.) at Ϫ80°C for 6 to 18 h depending on the activity of the probe. The probes were 5Ј end labeled with [␥-32 P]ATP by using T4 kinase as suggested by the manufacturer (Gibco Life Technologies, Carlsbad, Calif.).
Quantification of toxin gene occurrence. Four dilutions with five replicates per dilution were made for each sample, but only three dilutions were used in computing the MPN (13) . PCR analysis indicated a positive or negative result for each filter, and MPN values were calculated from these numbers. One toxin gene per E. coli was assumed for MPN calculations based on the pTC201 plasmid or the pRAS-1 plasmid and our limit of detection (19, 20) . Each prevalence value was calculated by dividing the MPN value for toxin occurrence by the MPN value 
RESULTS
The occurrence of LTIIa and STII per 100 ml of waste lagoon water with single and nested PCRs is shown in Fig. 1 . Interference with PCR from impurities extracted along with the DNA was not detected with our interference control test in single-or nested-PCR negative results.
Overall, when single PCR was used, only 5% of all cow waste lagoon samples were negative for LTIIa, while no pig waste lagoon and 50% of stream water samples were negative for STII. Of the two single-PCR negative samples, one from a cow waste lagoon and one from a sampling point located downstream from a pig farm, both were positive after nested PCR. This resulted in a small improvement in detection of four and two times, respectively. These two data points are near the intercept of the x and y axes in Fig. 1 .
Single-and nested-PCR results for LTIIa samples ( Fig. 1 ) indicate that 50% of the samples increased by less than 1 log and 10% increased by 2 logs. The data from pig farms (Fig. 1) indicate that 67% of samples had a Ͻ1-log increase, while 33% showed an improvement of Ն1 log but Յ2 logs. The overall increase found with nested PCR in the detection frequencies across farms and seasons was 0.6 and 1 log, for the STII and LTIIa, respectively. A statistically significant improvement was shown in the detection of the LTIIa trait (P Ͻ 0.01) with the Wilcoxon test to compare single-and nested-PCR results, but no improvement was found for the STII trait (P Ն 0.05).
In Fig. 2A the prevalence of LTIIa by farm is shown. Farm 3 had the lowest prevalence values (1:Ͼ1,000 E. coli isolates [1,000 E. coli]), while farm 5 had the highest (1:1 E. coli). The 95% confidence intervals shown suggest that there is variability among samples. The prevalence for pig farm waste lagoons was never less than 1:33 E. coli, while the prevalence in the two stream samples below pig farms showed the greatest range from 1:2 to 1:600 E. coli.
In summary, the prevalence found by using single PCR sults (Fig. 3) . The MPN positives changed from 200 to 400 for the winter season at cow farm 3, which increased the prevalence of the trait by 2.9-fold (from 1 LTIIa:356 E. coli to 1 LTIIa:123 E. coli). Southern hybridization did not change results for STII. The simultaneous occurrence of the three genes associated with the O157 genotype was analyzed by farm across seasons using single or nested PCR (Table 2 ; Fig. 1 ). The prevalence of the three genes, stxI, stxII, and eaeA, occurring simultaneously varied from 1:10 E. coli to 1:Ͼ889 E. coli with nested PCR (Table 2 and Fig. 2C ), while individual toxin gene prevalence ranged from 1:1.4 to 1:800 E. coli for stxI, 1:6 to 1:889 E. coli for stxII, and 1:2 to 1:235 E. coli for eaeA. There was no statistically significant change in prevalence of these traits from single to nested PCR (P Ͼ 0.05) due to the small number of farms (n ϭ 10).
Variation in the prevalence of the LTIIa and STII traits among dairy and swine wastewaters can also be seen in Fig. 2A and B. When the prevalence of the LTIIa toxin gene was analyzed among farms and among seasons with the Friedman ranked-means test, no statistically significant differences were found (P Ͼ 0.05). The STII toxin gene was not analyzed for variance in prevalence among farms or seasons due to lack of complete seasonal data.
The stxI, stxII, and eaeA genes were screened in the fall, spring, and summer and were found to be present in all farms except at one farm at which stxII was absent in the spring sampling. Loss of participating farms over the course of the study prevented actual seasonal comparisons. Statistical analysis of the prevalence of the stxI, stxII, and eaeA genes among farms with the Friedman test showed no significant differences (P Ͼ 0.05).
Since no statistical differences were found in occurrence across farms and seasons for each trait separately, an overall geometric mean was calculated for the prevalence of each toxin gene within the E. coli communities in the waters of waste disposal sites. After nested PCR, these were 1:8.5 E. coli for the LTIIa and 1:4 E. coli for the STII toxin genes. The geometric mean prevalence of all three stxI, stxII and eaeA genes occurring together was 1:182 E. coli with nested PCR. The geometric mean prevalence of stxI, stxII and eaeA genes occurring individually after nested PCR was 1:67 E. coli, 1:101 E. coli, and 1:43 E. coli, respectively. Thus, the relative frequency of each gene within the O157 genotype is eaeA Ͼ stxI Ͼ stxII. This finding also suggests that in this study the frequency of these three genes associated with the O157 genotype is significantly lower than that of the LTIIa or STII toxin genes associated with ETEC.
At the 95% confidence level (Fig. 2) , MPN values used to calculate prevalence lead to broad confidence intervals. We estimated the prevalence of traits per filter to gain a perspective on our prevalence values derived from geometric MPN mean values. We screened all the colonies that grew on a filter for toxin gene occurrence in one PCR. For example, the ratio of PCR-positive results for LTIIa to the total number of E. coli isolates screened per filter for all samples ranged from 1:1 to Ն1:10,000. As only one positive is obtained per filter, it is impossible to ascertain whether only one colony was positive or a number of colonies were positive for LTIIa if the total num- The prevalence data for the enterotoxin and hemorrhagic genes shown in Fig. 2 indicate that broad 95% confidence intervals demonstrate that, while some of our data produced one-for-one occurrence of a trait among the E. coli population, it may be that occurrence is actually 1:10 to 30 E. coli.
Since there are reports in the literature of STII associated with E. coli isolated from diarrheic-cow fecal swabs (41, 48), we also screened for the presence of STII in cow waste lagoon waters. Single-PCR results were negative for all cow farms tested. However, when nested PCR was used, all farms screened were positive for STII. One of the farms screened (farm 2) raised swine and thus was eliminated from further analysis. Of the four remaining farms, the geometric mean occurrence of STII after nested PCR was 1 STII per 968 E. coli, compared to the geometric mean occurrence of 1 LTIIa:8 E. coli in these four farms. The LTIIa trait is 120 times more frequent in the E. coli population than is STII in the cow waste lagoon waters screened. These results suggest that the STII toxin gene trait is carried by cows but at very low frequencies. The design of the study precluded the determination of whether the trait was associated with healthy or diarrheic cows.
DISCUSSION
Nested PCR increased detection of the LTIIa and STII traits 1 to 2 orders of magnitude over the levels previously reported by Khatib et al. (19, 20) , who used growth and single PCR. Khatib et al. (19, 20) examined approximately 33 dairy farms from four states with herd sizes of 145 to 5,000 for LTIIa and 33 pig farms from seven states with herd sizes from 900 to 18,000 for STII. These authors also found no difference in occurrence among farms but did find a statistically significant relationship between the number of E. coli isolates screened and PCR positives for STII or LTIIa. In their study, LTIIa was detected in 87% of the cow waste lagoon samples when Յ2.0 ϫ 10 4 E. coli isolates were screened and in 100% of the samples when Ͼ10
5 E. coli isolates were screened. Khatib et al. (19, 20) hypothesized that increased sensitivity was necessary to detect toxin genes at farms at which these traits occurred at low frequencies. In this study, where nested replaced single PCR, all cow farms were positive for LTIIa at each sampling time.
The present study detected STII with nested PCR in all the pig waste lagoon samples, and the prevalence was an order of magnitude greater than found by Khatib et al. (20) , who reported an estimated prevalence of one trait per 10 2 E. coli when using growth and single PCR. The use of growth does not always increase gene detection, because it also increases extraneous DNA, which in turn may decrease the efficiency of single PCR (43) . Overall, nested PCR improved sensitivity in 76% of the samples examined in this study, regardless of the trait being determined.
Differences in the number of traits detected at different sampling times are not unexpected, as the incidence of animals positive for these traits is dependent on factors such as the age distribution of the herd and herd immunity (14) . Since the copy number of pTC201 is estimated to be between 10 and 30 per E. coli isolate carrying this plasmid (19, 20) , it may be that wildtype strains also carry this trait in multiple copies per cell. This could produce the 1:1 prevalence values seen in Fig. 2 . Our prevalence data for LTIIa provide evidence additional to that of Tsai et al. (46) who, having used magnetic bead hybridization with LTIIa as the probe, also suggested that this gene may have a copy number greater than 1 in some wild-type E. coli isolates. It could also be that E. coli carrying these traits does not die off at the same rate as E. coli with other toxin genes. Although this has not been reported for any of the diarrheic E. coli strains, such resistance has been shown for E. coli strains and other bacterial genera carrying antibiotic resistance (2, 25) .
Our nested-PCR results on the occurrence of stxI, stxII and eaeA in cow waste lagoons were comparable to those of Ibekwe et al. (18), who used real-time PCR, suggesting that nested PCR provides a similar level of detection. The drawback of nested PCR is the potential for contamination through carryover (32) . We found no evidence of carryover in this study.
In clinical microbiology, single isolates are often used to study pathogenicity (37, 50) , as well as to understand the genetic diversity within a species. However, a population approach may be more useful, when the frequency of the target trait is low (Ͻ1:50 E. coli). A population approach is applicable to screen herds for pathogens or to determine the effectiveness of a pathogen eradication program. One reason that direct extraction procedures gained widespread acceptance in microbial ecology is the inefficiency of screening single isolates, the inability to culture many species, and the bias introduced from studying small sample sizes (7). For example, Moon et al. (26) found 1 STII trait per 20 E. coli isolates from fecal samples of healthy pigs. After the usage of a population approach, our data from waste lagoon ponds showed a higher frequency of occurrence for STII among E. coli (1 STII:4 E. coli), which seems reasonable since Fairbrother (10) reported that 75% of E. coli isolates from diarrheic piglets harbored STII.
Although STII was detected in cow waste lagoon waters screened in this study, its occurrence is low (1 STII:968 E. coli or 0.1% of E. coli) and below those reported for STII toxin genes associated with E. coli from diarrheic animals other than pigs (15) . While the published literature is limited, the frequency of STII in diarrheic hosts was 0.75% (27), 1.1% (40) , and 4.4% (15) of humans, cows, and dogs, respectively. An explanation for the occurrence of STII in cattle waste was reported by Shin et al. (41) , who isolated E. coli with the colonization factor, K99, from diarrheic piglets. Furthermore, shared homology among the subunits of adhesion factors may result in nontargeted hosts being colonized by ETEC (41) .
Outside Thailand the LTIIa toxin gene has not been reported in hosts other than cattle (33) . Individual isolate studies on the occurrence of the stxI, stxII and eaeA genes in E. coli reported this genotype in diarrheic hosts other than cattle. For example, 1.1% of horse fecal samples (16), 3.1% of dog fecal samples (16) , and 1.7% of sheep rectal fecal swabs (31) have tested positive for this genotype.
In this study the simultaneous prevalence of the three traits associated with the O157 genotype is 1:182 E. coli (0.55% of E. coli), similar to reports in the literature (38, 47) . Our study examined occurrence among total E. coli while most examined occurrence in fecal samples. The rate of infection in cows is estimated to be 1 to 2 percent (38) and is hence difficult to detect on a farm through single-isolate screening of fecal samples. Our data suggest that screening large numbers of isolates provides an easy approach for detecting this genotype in farm waste ponds.
Quantitation using either the three-tube (22, 36) or five-tube MPN method should be acceptable when a Poisson distribution (far more negatives than positives) is expected (13) as in this study, for which we used five-tube MPN in combination with single and nested PCR to determine the frequency of occurrence of toxin genes. All MPN methods (13) have large confidence intervals around the predicted MPN value per volume or weight. Thus, the prevalence rates presented in this paper should be considered in the context of the broad confidence intervals displayed in Fig. 2 . The data do suggest that population studies provide unique insights into the level of trait occurrence in herds, even considering these confidence intervals. The agreement between the values for the frequency of stxI, stxII, and eaeA traits obtained by Ibekwe et al. (18) by using real-time PCR and our nested-PCR MPN values indicates the validity of an MPN approach.
Single-PCR data (19, 20) and the literature on LTIIa and STII occurrence (26, 30) suggest that the frequency of the traits after dilution in waste lagoon waters would be below detection if a direct assessment technique such as colony blots of E. coli grown on membranes was used (35, 39) . For example, STII has been reported in 5.4% of individual isolates from healthy pigs (26) . E. coli carrying the trait will be diluted by other E. coli, so the frequency of STII occurrence would be far below the 1:20 expected prevalence. Given the high frequencies of STII in this study, membrane filtration coupled with Southern hybridization, as reported by Todd et al. (44) , could be the preferable method for computing prevalence rates. Narrower confidence limits should result if both total population and specific gene traits are enumerated at countable dilutions. However, in this study, prevalence rates based on LTIIa trait occurrence showed the number of E. coli colonies screened per filter yielding a positive ranged from 1 to 10,000, due to farm 3 ( Fig. 2A) . If colony blots had been used in this study, some positive samples would not have been detected and confidence intervals would still have been large based on sample-to-sample variability. Also, when frequency is highly variable as we found, the MPN test provides a relatively rapid and reliable method to ascertain trait frequency, because too-numerous-tocount samples are screened.
The stxI, stxII, and eaeA occurrence data compiled by Ibekwe et al. (18) from dairy waste lagoons and our data agreed for the same region in California. Importantly, his work showed that, after treatment in a facultative pond and a wetland, the effluent from these showed little if any reduction in the frequency of stxI, stxII, and eaeA. This suggests that E. coli is surviving and perhaps growing, introducing the potential for these pathogens to enter environmental waters. For example, LTIIa was used as a biomarker to track fecal contamination from a dairy farm in New York State. The farm's manure pit tested positive for the presence of LTIIa, as did the well water being used for human consumption below a dairy. It was hypothesized that E. coli was being transported by an underground stream to the user's well (unpublished data from 2002). These findings emphasize the importance of federal regulations requiring disinfection of well waters and treatment for groundwater under the influence of surface waters (http://www.epa.gov/safewater/therule.html#Surface).
Detection of toxin occurrence at the herd level could easily be accomplished through screening E. coli populations from composite fecal or waste lagoon samples. In turn this would increase our understanding of the occurrence of these traits and their endemicity within animal herds. This information could lead to better management practices on farms, preventing further disease spread with corresponding economic benefits, and could decrease the risk of disease to the public.
